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Abstract. NutriGenomics is the bioscience that links the way nutrients and 
other dietary components shape genetic activity. It builds on the success of 
Human Genome Project by applying systems biology methods to explain how 
the molecular components of food, supplements and pharmaceuticals dynami-
cally influence and shape the activity of genomic subsystems, which in turn de-
fine how a person can stay healthy or become ill. Applying NutriGenomics 
knowledge is done through Directive Genomics, which develops purposeful 
dietary strategies that influence gene expression at the individual level with the 
goal of better genetic function and health. This paper proposes a case-based 
framework for leveraging nutrigenomics knowledge and Directive Genomics 
applications. The unique features of the proposed system include a self-
maintained distributed case base structure and a CBR-based nutrition counsel-
ing module that can learn, adapt, and maintain its case base via the integrated 
distributed case bases as well as external resources. 
1   Introduction 
Significant advances in computing and laboratory technology enabled the Human Ge-
nome Project to successfully characterize the human genome. The resulting flood of 
data pertaining to gene identification and function creates new challenges to under-
stand how the genome functions. The human genome has at least 30,000 different 
genes, which function as a robust and coherent system and carry each person from 
birth through the aging process and ultimately death. When viewed as a system, the 
scientific goal is to understand the relationships between genotypes and phenotypes, 
and to determine the interaction and regulation of the genome as a network. 
   An emerging research area with broad applications is NutriGenomics, which uses 
systems biology methods to deepen our understanding of how the molecular nutrition 
environment influences what the genome does [1, 2]. 
   Traditional nutrition research uses epidemiological, clinical and physiological stud-
ies to identify how deficiencies in certain chemicals translate into compromised 
health. It builds on these findings to explore how dietary choices in general help ex-
plain differences in health from one population to another. Our knowledge of these re-
*To be presented in the workshop in CBR in Health Sciences, part of the workshop program of 
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lations, however, has been achieved from a traditional biomedical perspective, focus-
ing more on group or population differences rather than individualized outcomes.  
   With the emergence of NutriGenomics research, the concept of personalized medi-
cine can be realized. Molecular nutrients can alter molecular and cellular processes 
involved with gene expression, which in turn influences other cellular activities.  
   It is well known that people react differently to their environment. With pharmaceu-
ticals, for example, which are well characterized molecules, one person may obtain a 
benefit while another may not, and a third may have an adverse reaction. And most, if 
not all, of this variation is directly connected to a person’s genetic makeup, and what 
those genes are doing at the time the drug is taken. Similarly, each person’s genetic 
variation appears to influence how that person responds to his or her diet.  
   NutriGenomics knowledge enables people to understand how their dietary lifestyle 
influences their health. This translates to greater demand for personalized dietary 
counseling with the goal of maintaining or even optimizing a person’s health, and to 
delay or prevent the onset of diseases. 
   Human behaviors have been proven to be connected to individuals’ gene expres-
sion. There is a potential application of NutriGenomics research and Directive Ge-
nomics in large organizations such as the military to maximize health benefits given 
scarcity of resources and control potential tendencies e.g. extreme violence. 
   Case-based reasoning (CBR) is a reasoning methodology that resembles the natural 
reasoning model of human beings when solving new problems by using previous ex-
periences of similar problems [3]. It is an established and powerful methodology and 
has been used for developing many applications in a variety of domains [4]. 
   In this paper, we propose a framework that uses CBR methodology to leverage 
NutriGenomics knowledge and provide NutriGenomics-based personalized nutrition 
counseling. 
   In Section 2, we present an introduction to NutriGenomics, followed by an introduc-
tion to case-based reasoning. In Section 4, we detail our proposed framework. Our 
plan for future work is presented in Section 5. 
2   NutriGenomics 
NutriGenomics expands the concept of nutrition by examining how the molecular 
components of food, supplements and pharmaceuticals influence and shape gene ex-
pression, and in turn help define how a person can stay healthy or become ill. Nutri-
Genomics transforms the general dietary rules developed through years of epidemi-
ologic observations into specific, individualized functions. It takes the nature versus 
nurture debate and makes it unified and precise, because each influences the other. 
One of its ambitious goals is to develop effective dietary intervention strategies based 
on a person’s gene expression patterns, the “Expressitype”, which target genes that 
can be successfully influenced by one or more molecular nutrients. 
   NutriGenomics focuses on that part of the chemical environment that comes from 
outside the body. While the main source of these chemicals is food, there are other 
sources such as dietary supplements, pharmaceuticals, cosmetics, water and air. There 
are four key propositions: (1) the genome functions as a coherent, robust system of 
genes comprised of many sub-systems, each subsystem controlling specific life activi-
ties, (2) each sub-system is comprised of many genes that act in coordination, (3) the 
activity of the genes is influenced by the cell’s chemical and physical environment, 
and (4) part of the chemical environment comes directly from what a person brings 
into the body and the remainder is manufactured by the cells. 
   From a NutriGenomics perspective, food is enormously complex. Over 350 differ-
ent chemicals are documented in the ordinary garden tomato, for example. The 
NutriGenomics inquiry asks which of these chemicals are present in quantities that 
can influence genes, which genes are influenced, and in what way they are influenced. 
   NutriGenomics looks beyond one gene at a time because most of the major health 
conditions involve tens and hundreds of genes. Virtually every day, researchers iden-
tify new genes that contribute to health and disease. Conditions like breast cancer 
(109 genes) and asthma (27 genes) and diabetes (114 genes) highlight how broad 
these genetic factors will become. 
   At the same time, the new biotechnology methods are pinpointing how molecular 
nutrients shape genomic activity. For examples, Vitamin A changes activity in over 
500 genes; calcium in over 145, zinc over 60. Cholesterol, which is made by the body, 
influences over 30 genes, which shows that molecular nutrients which might regulate 
cholesterol production are likely, in turn, to have important second order effects. 
   While NutriGenomics is new, research in related fields as nutrition science, molecu-
lar biology, genetics, and medicine, is generating an enormous amount of data con-
taining valuable information that can be employed from a NutriGenomics perspective. 
The challenge is how to extract knowledge from these dispersed resources. 
   The development of technologies such as the high-density microarray (genes on a 
chip) makes it possible to examine tens of thousands of genes on an individual basis 
fairly quickly and inexpensively. This provides a platform to provide personalized 
dietary counseling based on both the body of NutriGenomics knowledge and each 
person’s individual genome. Applying NutriGenomics knowledge is done through Di-
rective Genomics that develops purposeful dietary strategies that influence the gene 
expression at the individual level to improve gene function and health. 
3   Case-Based Reasoning 
Our proposed framework uses a CBR module as its core reasoning methodology. The 
underlying assumptions of CBR are that: 1) similar problems have similar solutions; 
and 2) similar problems do recur [13]. In a CBR system, knowledge or past experi-
ences are stored as cases in a case base or case bases. A case consists of the problem 
description, the solution to the problem, and its outcome. Given a new problem, a 
problem-solving CBR system retrieves similar cases from case bases and adapts the 
solutions of the retrieved similar cases to solve the new problem [4]. 
   There are four basic steps in a typical CBR process [6]: retrieve, reuse, revise, and 
retain. There is an additional review step for applications including iterative learning 
[3], as illustrated in Figure 1. 
 Fig. 1. The CBR Cycle 
 
   CBR is a reasoning methodology that is suitable for solving complex and dynamic 
problems.  Given the use of experiences, CBR is particularly suitable for ill-defined 
areas in which there is no theory model and knowledge is incomplete.  
   CBR has been applied to a host of domains, including health related domains such 
as nutrition [7] and medicine [8, 24]. Knowledge in health related domains is complex 
and constantly evolving as the knowledge is incomplete. The practice in these do-
mains also involves substantial amount of subjective knowledge and personal experi-
ence of the practitioners. A number of CBR systems have been successfully devel-
oped for prediction of medical studies [9, 10], nutritional consulting [7, 11], diagnosis 
of diseases [12], post-transplantation follow-up [14], care of Alzheimer patients [15], 
exercise planning for cardiac and pulmonary disease patients [16], and geriatric care 
[17]. CBR has also been applied to information retrieval and analysis of biological re-
search data [18]. A CBR-based framework is proposed to provide personalized health 
maintenance information [19].  
   NutriGenomics represents another domain in which CBR can contribute. Firstly, 
NutriGenomics is a new field where our knowledge is still limited and constantly 
evolving. Secondly, the task of providing NutriGenomics-based personalized nutri-
tional counseling is essentially a combination of diagnosis and planning. There is no 
well-defined theory model to guide this process. Thirdly, genes work in systems and 
subsystems that are remarkably coherent and robust, and have strong commonalities 
from one person to another. If two persons have very similar genotypes and Expres-
sitype, they may as well have similar responses to dietary input. 
4   Case-based Framework for Leveraging NutriGenomics 
Knowledge and Personalized Nutrition Counseling 
The proposed framework is shown in Figure 2. It comprises 1) a knowledge manage-
ment module that extracts and organizes knowledge from diverse resources; 2) a Case 
Builder module enabling automatic creation of cases from distributed case bases; and 
3) a personalized nutrition counseling module performing CBR to provide NutriGe-
nomics-based personalized nutrition counseling. The following sections discuss each 
of these modules. 
 
 
Fig. 2. The framework of CBR-based system for leveraging NutriGenomics knowledge and 
personalized nutrition counseling. 
4.1   Knowledge Management (KM) Module 
The knowledge management module includes a number of ontologies, a Knowledge 
Miner, a distributed case base structure, and a variety of external data sources. 
4.1.1   Knowledge Miner 
Knowledge Miner is the core player of the KM module. It is responsible for extracting 
NutriGenomics knowledge using data mining tools from the external heterogeneous 
data sources (DB1, DB2, …, DBn). There are many publicly available resources that 
can be used such as sequenced genes (e.g., EMBL), proteins (e.g., SWISS-PROT, 
PIR, BREMDA), transcription factors (e.g., TRANSFAC), biochemical reactions 
(e.g., KEGG), signal transduction pathways (e.g., TRANSPATH, GeneNet), and pub-
lished literatures (e.g., PubMed). The extracted knowledge is organized and stored in 
a number of distributed case bases, each of which contains a subset of NutriGenomics 
knowledge (such as nutrients, genes, health conditions, diseases, and their relation-
ships as revealed in published literatures or as results from data mining). The miner 
consists of a number of agents which run at specified frequencies to keep the knowl-
edge bases updated. 
   An example of knowledge that may result from the data mining is the relationship 
between gene expression and molecular nutrients, as shown in Fig. 3, illustrating a 
first order interaction between Vitamin A and some of the genes whose transcription 
it affects.  
 
 
Fig. 3. Genes whose expression is affected by vitamin A1. 
4.1.2   Ontologies 
The main purpose of using ontologies is to facilitate the representation of the domain 
knowledge in NutriGenomics. There are two types of ontologies used in our system as 
described below. 
   1.) Base ontology. This is the top level ontology containing basic definitions for 
terms that are used system-wide. It defines the semantics, the global constraints, and 
                                                          
1 Picture was generated using PathWay Assist software with data from the ResNet database by 
Ariadne Genomics, Rockville, Maryland. 
the architecture of our knowledge representation scheme for the entire NutriGenomics 
domain. It is designed to help resolve conceptual conflicts and maintain the homoge-
nous view and conceptual consistency of knowledge within the system.  
   2.) Individual sub-domain ontologies. An individual sub-domain ontology stores on-
tological information of a particular subset of knowledge within the NutriGenomics 
domain. There are three sub-domain ontologies defined in the system: a) nutrition on-
tology which provides ontological information of nutrition, including definitions and 
terms of all the nutrients; b) genomics ontology which contains information related to 
genomics, such as the definitions and terms used to describe genes and their func-
tions; c) diseases ontology which stores information pertaining to specific diseases. 
While base ontology provides the overall structure and common vocabulary for the 
whole system, individual sub-domain ontologies define the structure and vocabulary 
for particular sub-domains. 
4.1.3   Distributed Case Base Structure 
The distributed case bases are the repository representing the collection of NutriGe-
nomics knowledge. We define three distributed case bases to store knowledge as de-
fined by the respective individual sub-domain ontologies, i.e. nutrition case base 
(NCB), genomics case base (GKB), and diseases case base (DKB).  
   In addition to the function as a knowledge repository, the distributed case bases also 
serve as resources that can be used by the Case Builder to automatically create new 
cases for personalized nutrition counseling. 
4.2   Case Builder 
The effectiveness of a CBR system depends largely on the qualitative and quantitative 
richness of its stored cases which are the knowledge repository of past experiences. 
Such knowledge repository typically is obtained by manually creating cases repre-
senting the experiences of domain experts according to pre-defined case format. In 
our proposed system, we keep such process to allow domain experts to add and mod-
ify the cases. In addition, to deal with the problem of lacking cases in case base and d 
the efficiency issue of manual input, we employ a strategy, implemented in this sys-
tem as Case Builder, to automatically create new cases. 
   Given a target case, if there is no case in case base or CBR fails to retrieve similar 
cases or CBR fails to produce a satisfactory solution, the Case Builder can be called 
upon to create a new solution based on the problem description of the target case. 
   The Case Builder constructs cases using the above discussed distributed case bases. 
This model is similar to the multi-case bases reasoning (MCBR) architecture pro-
posed in [16]. The difference is that in our system, we isolate the task of drawing on 
external case bases from our main CBR module mainly because of the purposes of the 
Case Builder. The Case Builder can be used: 1) to initially populate the case base; and 
2) to facilitate the CBR adaptation during regular system operation. 
   The Case Builder also uses rule-based logical inferences to create a new case. One 
example of such inferences may look like this: 
 
IF molecular nutrient A can reduce the risk of disease 
B based on a published fact AND gent C is involved in 
disease B based on experimental facts, THEN treatment 
with nutrient A at concentration level X may decrease 
the expression of gene X, thus reducing the risk of 
disease B. 
 
   Based on this rule, a nutritional guidance for a person with higher than normal ex-
pression of gene C may include the nutrient A. 
4.3   Personalized Nutrition Counseling 
This is a standard CBR module with all cases stored in a case base. Its purpose is to 
provide personalized nutritional counseling based on personal information such as 
genotype, Expressitype, current and historical health conditions, and dietary lifestyle. 
   As mentioned above, traditional life science narrows things down to one gene, one 
cell, or one virus to find a single solution such as one drug or one vaccine, which is 
then applied to masses of people without distinction. NutriGenomics and Directive 
Genomics, on the contrary, attempt to configure a dietary strategy that works best for 
an individual given his or her genotype and Expressitype and eventually build upward 
from individualization to find well targeted population solutions. The goal of the CBR 
module is thus to deliver such a strategy. 
4.3.1   Case Retrieval 
Given a target case, the retrieval process retrieves similar cases using nearest-
neighbor algorithm. If there is no case in case base or the retrieval process results in 
no similar cases, CBR module will call Case Builder to create a new case and store it 
in the case base with or without the intervention of a domain expert. 
4.3.2   Case Adaptation 
The solutions of the retrieved similar cases can be used directly or through adaptation 
to fit the problem of the target case. If the system cannot generate a satisfactory solu-
tion to a target problem, additional knowledge must be provided to the system. Two 
actions can be taken. The first choice is to allow domain experts to manually adapt the 
solutions from retrieved similar case(s). The second choice is to call the Case Builder 
to build a new case solution to the target problem. 
5   Future Work 
In this paper we propose a case-based framework that is applied to the domain of 
NutriGenomics and Directive Genomics applications. In this proposal, NutriGenom-
ics knowledge is extracted from a variety of resources using data mining tools. The 
extracted knowledge is organized and stored in three knowledge bases facilitated by 
ontologies. The distributed case bases structure provides a mechanism in which a 
Case Builder may automatically create new cases, when needed, for the personalized 
nutrition counseling, based on NutriGenomics knowledge represented by cases stored 
in its case base.  
   Much work remains ahead before the proposed framework becomes a fully func-
tional system. First of all, we are working on implementing the knowledge manage-
ment module, including the ontologies and the distributed case bases. Case mining 
proposed in [23] provides an interesting method that can be helpful in this regard. Re-
search in [20, 21, 22] shed lights when dealing with distributed case bases and hierar-
chical case-based reasoning. Our future work will also include implementing the nu-
trition counseling module and building the interfaces to allow interactions between 
the system and domain experts and other end users.  
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